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Thi s report presents cost and perf or rance
data for a sl urry-phase bi orenedi ati on
applicationat the French Li mted Superfund
Ste(FenchLtd.) in Gosby, Texas. Thi s proj ect
isnotablefor beingalarge, full-scaleapplica
tion of slurry-phase biorenediationat a
Superfund site. Inaddition, aninnovative
system(the M xH o systen) was used for
aeration that mininizedair enmissions while
suppl yi ng adequat e oxygen to t he bi onass.

The French Ltd. siteisaforner permtted
industrial waste disposal facility, wherean
estinated 70 million gal |l ons of wastes from
ar ea petrochem cal conpani es wer e di sposed
of on site between 1966 and 1971, prinarily

i nanunlined | agoon. Gontaninants of con-
cern i ncl uded pol ynucl ear aronati c hydrocar -
bons, chl ori nated organi cs, and netal s.

In 1983, the Potential |y Responsi bl e Parti es
(PRPs) forned the French Li nmited Task G oup
(ALTQ toleadtherenediationat thesite. A
Record of Deci si on (RCD) was si gned on

Bl s TE | NFORVATI ON

I dentifying I nformation

Mar ch 24, 1988. The RCD speci fi ed

bi orenedi ati on for renedi ati on of the | agoon.
A sl urry-phase bi orenedi ati on process was
oper at ed fromJanuary 1992 t hr ough Novem
ber 1993 t o renedi at e appr oxi nat el y

300, 000 tons of tar-1ike sl udge and subsoi |
fromt he | agoon. The sl urry- phase

bi or enedi ati on process achi eved t he speci -
fiedsoil cleanup goal s for the fivetarget

cont ami nant s (benzo(a) pyrene, total PCBs,
vinyl chloride, arsenic, and benzene) within
11 nont hs of treat nent.

Qosts for the sl urry-phase bi orenedi at i on
syst emi ncl udi ng t echnol ogy devel opnent,
proj ect managenent, EPA oversight, and
backfill of the |agoon were approxi nat el y

$49, 000, 000. Appr oxi mat el y $26, 900, 000 i n
costs were for activities directly associ at ed

w th treat nent, which corresponds to $90/ton
for treatnent of 300, 000 tons of soil and

sl udge.

Treat ment Application

Site Information: French Linted Superfund
Ste

Q osby, Texas

CERCLIS # TXD980514814

RCD Date: 24 Narch 1988

Background

Type of Action: Renedial

Treatability Study Associ ated Wth Appli ca-
tion? Yes (See Appendi x A)

EPA S| TE Program Test Associated Wth
Application? No

Period of Qperation: January 1992-
Novenber 1993

Quantity of Material Treated During
Application: 300,000 tons of soil and

sl udge; estinmated as 70,000 tons of tar-Iike
sl udge and 230, 000 t ons of subsoil, deter-
m ned by borings of the | agoon bottom

H storical Activity that Generated
Contanm nation at the Site: Industrial Véste
O sposal

Correspondi ng SI C Code: 4953E (Waste
nmanagenent - r ef use syst ens; sand and gr avel

pit disposal)

Wast e Managenent Practice that
Contributed to Contam nation: D sposal Pit

Site Hstory: The French Li mted Superfund
Jte(FenchlLtd.), aforner industria waste
storage and di sposal facility, isa22. 5acre
sitelocatedin Qosby, Texas, as shownin

Figure 1. Between 1966 and 1971, appr oxi -
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Background (cont.)

mately 70 nillion gallons of industria wastes
fromarea petrochem cal conpani es were

di sposed of at the French Ltd. site. These
wast es i ncl uded t ank bott ons, pi ckling aci ds,
and of f-speci fi cation product fromrefineries
and petrochemcal plants. Mbst of this waste
was depositedinan unlined, 7.3-acre | agoon.
Viést es were al so processed i n tanks and

bur ned.

The | agoon was an abandoned sand pi t whi ch
had filledw thwater to depths of 20to 25
feet. The prinary contamnants found inthe

| agoon wer e pol ynucl ear aromati ¢ hydr ocar -
bons, hal ogenat ed semvol ati | es, hal ogenat ed
vol atil es, nonhal ogenat ed vol atiles, netal s,
and nonnetal I i ¢ el ements. The | agoon wast es
were concentrated inalayer of tar-1ike sludge
approxi natel y 4 feet thi ck and a 5-6 f oot
layer of subsoil. [1, 35 37, 39|

The siteis locatedw thinthe 100-year

fl oodpl @i n of the San Jacinto Rver andi s
suscepti bl e to periodic fl oodi ng. 1 n My of
1979, a fl ood occurred and br eached t he
eart hen di ke whi ch surrounded t he | agoon. As
aresult, contaninated sl udges wer e washed
out of the | agoon and into an adj acent sl ough.
In 1982, EPArepaired the di ke and punped

t he cont am nat ed sl udge f romt he sl ough
back intothe lagoon. [1, 9]

EPAi denti fied approxi mat el y 90 conpani es
as Potential |y Responsi bl e Parties (PRPs), and,
in 1983, the PRPs forned the French Limted
Task Goup (FLTG. In 1984, FLTGagreed to
performthe cl eanup. [1, 8, 9]

EPA conduct ed a Renedi al I nvestigation (R)
at thesitein 1983, and t he FLTG conduct ed a
fieldinvestigati onand a second R in 1986.

Sel ection of arenedy for the |l agoon was
based on the resul ts of the 1983 and 1986
investigations andaFeasibility Sudy (FS. BPA
initially proposedincinerationasthe rened al
technol ogy for the tar-1ike sl udge and af f ect ed
subsoi | at an estinated cost of $75to $125
mllion. FLTGthen investigated ot her nore
cost-effective alternatives. | n 1987, ALTG
conduct ed a pi | ot -scal e bi orenedi ati on
treatability study ina0. 6 -acre sectionof the

| agoon (see Appendi x A). As aresult of the

French Lid.
Superfund Site
Crosby, Texas

Figure 1. Site Location

study, a 1988 RODrepl aced i nci neration w th
i n-situ bi odegradation for renedi ation of the
site [1, §

Regul at ory Cont ext: The RCD speci fi ed ri sk-
based quantitative cl eanup goal s for five
types of contam nants on the bottomof the
| agoon at the French Ltd. site, as described
bel ow under cl eanup goal s and st andar ds.
The ROD al so provi ded speci fi cations for
groundwat er recovery and treatnent. [1]

Renedy Sel ection [1]: The fol | owi ng r eme-
dial actionalternatives were considered for
the Fench Ltd. site:

B rwsiteincinerationof tar-1ike sludge
and cont am nat ed subsoi | ;

B rsiteincinerationof tar-1ike sludge
and chemical fixation of contam -
nat ed subsoi | in-pl ace;

B Encapsul ati on of contanm nants by
slurry wal I s and a nul ti | ayered cap;

B No action; and

B Bologica treatnent of tar-like sl udge
and cont am nat ed subsoi | .

Bi ol ogi cal treatnent of sludges and contam -
nat ed subsoi | s was sel ect ed because it was
bel i eved t o be capabl e of neeting the

cl eanup goal s i n a reasonabl e peri od of tine
and at alower cost thanincineration.
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Background (cont.)

The RDindi cated that the probability of
bi orenedi ation failingwas | ess than for ot her
options. However, if biorenedi ationfailed,

Site Logistics/Contacts

t he ROD di scussed t he use of incineration as
a backup.

Site Managenent: PRP Lead
Oversi ght: EPA

Renedi al Proj ect Manager:
Ms. Judith B ack

US EPARegion6

1445 Ross Avenue

Dal | as, Texas 75202-2733
(214) 665-6739

PRP Proj ect Coor di nat or:

M. RL. (Dck) Soan, Project Gordi nator
FLTG Incorporated (Prinary Gontact for this
Appl i cation)

15010 FM 2100

Sui te 200

Q osby, Texas 77532

(713) 328-3541

Tr eat nent System Vendors:

M. Jonat han G eene (Desi gn Gont ract or)
Seni or Proj ect Manager

ENSR

3000 Ri chnond Avenue

Houst on, Texas 77098

(713) 520-9900

M. Gary Sorns (Subcont ractor)
Appl i cati ons Manager

Wast e Managenent

Raxar, Inc.

39 A d R dgebury Road
Danbury, Gonnecticut 06810
(203) 837-2174

Bl VATRI X DESCRI PTI ON I

Matri x Identification

Type of Matrix processed through the treat nent system Tar-|i ke sl udge and subsoil (insitu -

w t hi n | agoon)

Cont am nant Characterization [1]

Primary Contam nant G oups: Pol ynucl ear
aronat i ¢ hydr ocar bons; hal ogenat ed
semvol atil es; hal ogenat ed vol ati | es;

nonhal ogenat ed vol atil es; and nonnetal lic
el enent s.

The soil andtar-1ike sludgeinthelagoon
contai ned a vari ety of organics, netal's, and
P(Bs. The speci fic types and concentrations
of constituents, asidentifiedinthe RDD

i ncl uded:

B PCBs up to 616 ny/ kg;

B \olatile organics upto 400 ngy/ kg for
an i ndi vi dual cont am nant ;

B Pent achl orophenol up to 750 ny/ kg;

B Senivolatiles upto 5,000 ngy/ kg for
an i ndi vi dual cont am nant; and

B Mtalsuptob5, 000 ng/ kg for an
i ndivi dual netal .

Goncentrations of specific contaminants in
the soil and sl udge are presented inthe
Treat nent Perfornance Data section of this

report.
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B VATRI X DESCRI PTI ON (coNT. ) [N

Matri x Characteristics Affecting Treatment Cost or Performance

Li sted bel owin Tabl e 1 are the naj or natri x sl udges, kilndust, andtars (prinarily styrene
characteristics af fecting cost or perfornance andsoils). It was athick, viscous, aily, black
for this technol ogy, and t he val ues neasured | ayer about 4 feet thick that coveredthe

for each. bott omof the | agoon. The subsoil s varied

) . . fromfine grainedsilts to coarse sand. [38,
The tar-1i ke sl udge was aronatic and oi | y, and 39]

consi sted of a mixture of petrochenical

Table 1. Matrix A assification [38, 39]

Parameter Value Measurement Procedure

Soll Classification See discussion above

Clay Content and/or Particle Size ) )
S See discussion above
Distribution

B TREATMENT SYSTEM DESCRI PTI ON I

Suppl ement al Treat ment Technol ogy
Primary Treat ment Technol ogy Type Type

9 urry-Phase B orenedi ati on Pretreat nent (solids) - mixing

Sl urry-Phase Bi orenedi ati on SystemDescri ption and Qperati on

The sl ur ry- phase bi or enedi at i on syst emused kept the sl udge fromcoating the soil particles

at French Ltd. stimil ated the i ndi genous and nmaxi m zed t he surface area avail abl e for
ni cr oor gani sns Wi th aeration, pHcontrol, treatnent. [39]

and nutrients to biologically oxidize the

organic waste material's. Thetar-like sl udge SystemDescri ption

was sheared and i ntroduced i nto t he m xed

I i quor usi ng open-faced centrifugal punps
nount ed on articul ated arns. The subsoi|l was
sheared and i ntroduced i nt o t he mixed | i quor
usi ng conventi onal sw ngi ng | adder cutter

head dredges. Gontrol | ed sheari ng was a key
factor incontrollingthe growth of bi onass.

B onass growt h was al so control | ed by
control lingthe |l evel of dissol ved oxygen and

As shown in Figure 2, the | agoon was di vi ded
intotw treatnent cells, Gll Eand Gl | F, of
approxi nat el y equal vol une. The two treat -
nent cells were created by instal ling a sheet
pilewal | across the | agoon in a north-south
direction so there woul d be equal treatnent
nedi a vol une i n each of thetwo cells. This
configurationallowed for the sequenti al
renedi ation of the westerncell (CGll B and

PH 19, 39] theeasterncell (Gl F). Additional benefits of
The tar-1ike sl udge and subsoi | s were treat ed the sequential renediation approach were to
separately. |f the soils and sl udge had been limt air emssions during the rened ation;

m xed t oget her, the sl udge woul d have reduce t he anount of capital equi prent t hat
coated the soi | particles, andthe mxture had t o be purchased; and al | owfor process
woul d have had a greater specific gravity and i nprovenent s over the duration of the
settled nore rapidly, thus reducing treat nent renedi ation. [9]

effectiveness. Treating the sl udge separatel y
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Sl urry-Phase Bi orenedi ati on SystemDescription and Qperati on (cont.)

The treat ment cel | s were designed to hol d a
total mxed|iquor vol une of 34.0mllion
gallons (17.0mlliongal lonsineachtreat-
nent cell), and to mai ntai n a nni num

di ssol ved oxygen (DO concentration of 2.0
ny/Linthe mxedliquor. Based onthe results
of thetreatability study (see Appendi x A, an
oxygen upt ake rate (QR) of 0.30 ngy/ L/

nm nut e was chosen as t he desi gn basi s for
aeration suppl y. The oxygen requi renent s
wer e det ermi ned by mul ti pl yi ng the QUR by
thetotal mxed |iquor vol une. xygen

requi renents for each cel |l were det erm ned
t o be approxi mat el y 2, 500 pounds/ hour. [9]

The nai n conponent s of the bi oremedi ati on
process, as showninFgures 3and 4, in-
cluded a MxH o aeration system aliquid
oxygen suppl y system a chem cal feed
system and dr edgi ng and ni xi hg equi prrent .
Adescription of the MxH o Aerati on System

sl udge and subsoi | nixi ng, chemical addition,
and resi dual s managenent is present ed
bel ow

M xFl o Aeration System

According to the vendor, the FLTGchose a
pur e oxygen syst emrat her than an ai r - based
aeration systemto | ower air enissions during
siterened ati on. Geater anounts of organic
air enmissions are rel eased fromai r - based

aer ati on syst ens because | arger anount s of
air arerequiredto achi eve a specific dis-

sol ved oxygen content. The M xF o system
has hi gher transfer efficiencies than ai r- based
aeration systens (90%as opposed to 30%
and uses hi gh purity oxygen (90%or greater).
Thi s conbi nati on of hi gher transfer efficiency
and hi gh purity oxygen reduces of f gases and
ai r emssions fromthe treat nent process.
[35]

—Zﬁ

CELL ®

7

Gulf Pump Road

Figure 2. French Ltd. Lagoon and Bi orenedi ati on Treatment Cel | Configuration [9]
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Sl urry-Phase Bi orenedi ati on SystemDescription and Qperati on (cont.)

The M xH o aeration systemused at French
Ltd. di ssol ves oxygen i n a two- st age process,
asshowmninFgure 3. Inthefirst stage, water

i s punped fromthe treatnent area and
pressurized. Pure oxygenistheninjectedinto
the water. The resul ti ng t wo- phase nixture
passes t hrough a pi pel i ne cont ract or where
appr oxi mat el y 60%o0f t he i nj ect ed oxygen

di ssol ves. Inthe second stage, the oxygen/
water mixtureisreinjectedintothe treatnent
areausing aliquid/liquideductor. The eductor
di ssi pat es t he punpi ng ener gy i n t he oxygen/
wat er m xt ure by i ngesti ng unoxygenat ed
water fromthe treatnent area, mxingit wth

Lagoon Eductors_—

oxygenat ed wat er, and t hen di schargi ng t he
overal | mxture back intothe treatnent area,
di ssol vi ng 75%o0f t he renai ni ng oxygen. [9]

At French Ltd., oxygenwas injectedin eight

pi peline contactors intothe nixed liquor at
enhanced pressure. The nixed | i quor was
pressuri zed by punps | ocat ed on two pon-
toons. The pi pel i ne contactors each suppl i ed
three eductors. The circul ation flowpatternin
the treatnent cell established by t he educ-
tors’ di scharge was suppl enented by t hree
raft-nmount ed sel f - powered circul ati on nm xers.

(9

Pipeline Contractor

|

0O, Control

Pump

Y

Figure 3. Schematic D agramof M xfl ow System (adapted from[41])

Liquid Oxygen
Supply

Mixflo l l
Aeration

Oxygenated Sludge Subsoil
Water Mixer Mixer

Lime

Nitrogen
Fertilizer

Phosphate
Fertilizer

Circulation -
Mixer Nutrient Addition
l and pH Control Chemical
Feed

v \Vi Ve System

A

System \

—>
Eductors

Lagoon Water

i

Not Drawn to Scale

Lagoon (each cell)

Figure 4. French Ltd. Lagoon Treat ment Process Fl ow D agram (adapted from[9])
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Sl urry-Phase Bi orenedi ati on SystemDescription and Qperati on (cont.)

Oxygen was distributed to the entire vol une
of mxedliquor inthetreatnent cell by
creatingadual circulationpatternthat noved
mixed | i quor past and through the M xH o
eductors to pi ck up oxygen, and circul ated it
around t he | agoon wher e oxygen was con-
suned i n the bi orenedi ati on process. [9]

The desi gn of the M xH o syst emwas based
onthefollowngcriterial[9]:

Capacity = 60, 000 gpm

Mot or Power = 3, 400 hp;

Oxygen Transfer Efficiency >90%
Tenperature = 40°C

xygen Requi renent = 2,500 | bs/ hr;
Li quid Depth = 10 feet;

Punp Efficiency = 75% and

Sat uration xygen Goncentrati on
(Q =0.9xC, _(tapwater) =27.5
ppm

Sl udge and Soil M xing

As descri bed above, different equi pnent was
used for dredgi ng and nmixi ngthe tar-1ike

sl udges and subsoi | . Four sl udge m xers

provi ded t he shear m xi ng of sl udges neces-
sary to achi eve bi ol ogi cal treatnent of those
solidmaterials. The centrifugal punp sel ected
for use on the sl udge nmixers had a capacity of
1,250 gal l ons per minute. [9] Four hydraulic
subsoi | nixers provi ded t he shear nixi ng of

| agoon bot t omsubsoi | s necessary t o achi eve

bi ol ogi cal treatnent of the waste constituents
adsorbed onto these sol id naterial s. Maxi-
numwat er dept h was approxi mately 25 feet.

(9

Chem cal Addition

S npl e bat ch systens for chenmical addition
were used to control the pHand nutrient
chemstry of the nixed |iquor duringtreat-
nent. A 35%sol ution of hydrated |ine was
diluted on site to 15%concentration by
addingwater. To offset nutrient | osses,

ni trogen was added as hydrat ed urea (46%
ni trogen by wei ght) and phosphor us was
added as | i qui d ammoni umphosphat e. The
syst emwas desi gned t o add bat ches of upto
1,500 gal I ons of chemical s tothe | agoon at
several locations. [9

Resi dual s Managenent

Ater verificationthat soil and sl udge cl eanup
obj ecti ves had been achi eved, reverse osno-
siswas usedtotreat the surface water inthe
| agoon. Approxi mately 40 nmillion gal | ons of
surface water fromthe | agoon wer e pro-
cessed t hrough t he rever se osnosi s system
and di scharged to the San Jacinto Rver. As

t he | agoon was dewat ered, it was backfill ed
wthcleansoil. Residual solids were stabilized
by mxingwthpebblelineintheratioof five
parts solids toone part pebbleline. Thesite
was then pl anted w th grass and nati ve

veget ati on and contoured to drai n anay from
t he | agoon. [ 34]
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French Li mted Superfund Site—Page 8 of 23

Operating Paraneters Affecting Treatnent Cost or Perfornance

Li st ed bel owin Tabl e 2 are t he naj or operat -
i ng paraneters af fecti ng cost or perfornance
for this technol ogy and t he val ues neasur ed
for each. Systemthroughput and hydrocar bon

Tabl e 2. Qperati

degredati on are descri bed under system
description and treat nent performance dat a,

respectively.

ng Paraneters [ 10-33]

Parameter

Air Flow Rate
Dredging  Hours
Mixing Hours
Moisture  Content

pH
Residence Time

Temperature

Microbial Plate Count
Oxygen Uptake Rate
Dissolved Oxygen Content
HMB  Catalyst Activity

Nutrient Nitrogen Content

Nutrient Phosphorus Content

Ti el i ne

Measurement
Value Procedure
2,500 lbs/hr oxygen —
358 to 1,669 hrs/month —
1,164 to 2,052 hrs/month —
70% to 95% Not  Available
6.6 to 8.5 Not  Available
et S
g1.6 top8.6° F Not  Available
10 to 10 CFU/ml Not  Available
09 to 30 mg/L/hr Not  Available
05 to 40 mg/L Not  Available
0.4 to 50 units Not  Available
0.056 mg/L Not  Available
0.05 to 10 mg/L Not  Available

Atinelinefor thisapplicationis providedin Tabl e 3.

Table 3. Tineline [1, 9]

RPF-046.PM5\1031-02.pm5

Start  Date End  Date Activity
— 10/83 Site added to the National Priorities List
4/87 4/88 Biological treatment pilot study conducted on site in a
0.5-acre cell
— 3/88 ROD  signed
= 3/90 Remedial Action Plan prepared
1/9 6/91 Remedial Design prepared
7/91 12/91 Cleanup facility construction completed
1/92 11/% Bioremediation of Cell E
11/92 12/92 Transfer of bioremediation equipment to
Cell F
1/93 11/93 Bioremediation of Cell F
6/93 1/94 Post-treatment care and backfill of Cell E with clean soil
12/93 3/94 Demobilization of treatment equipment from Cell F
2/94 11/94 Post-treatment care and backfill of Cell F with clean soil
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Cl eanup Goal s/ St andar ds

The RCD speci fi ed maxi numal | onabl e
concentrations for five contamnantsin

| agoon subsoi | s and sl udges at t he French Ltd.
site []]

These contamnants, listedin Tabl e 4, were
specifiedinthe RODas indi cat or conpounds
and t he cl eanup goal s shown above were
devel oped based on the results froma ri sk
assessnent using a1 x 10°° excess lifetine
cancer risk factor. B orenedi ati onwas re-
quireduntil anal ytical results for all sanpling

poi nts (nodes) were in conpliancewthsite
renedi ati on cl eanup goal s for two consecu-
tive sanpling events. Each sanpl e fromevery
conposi t ed node sanpl e was required to
neet the cl eanup goal s. [1, 9]

Inaddition, the RDDspecifiedan action]level
for total MOGs in anbient air of 11 ppmfor 5
nmnutes at any tine during treatnent. The
actionlevel appliedtothe anbient air at the
site boundary for the 35 MO listedin
Table 5. [9]

Tabl e 4. d eanup Goal s for Soils and Sl udges [ 1]

) Maximum Allowable Concentration
Contaminant
(mg/kg)
Benzo(a)pyrene 9
Total PCBs 23
Vinyl  Chloride 43
Arsenic 7
Benzene 14

Tabl e 5. VOCs Required to be Measured i n Anbient Air [9]

Acetone

Benzene
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone

Carbon disulfide
Carbon tetrachloroide
Chlorobenzene
Chloroethane
2-Chloroethylvinylether
Chloroform
Chloromethane
Dibromochloromethane
1,2-Dichloropropane
cis—1,3-Dichloropropene
Trans-1,3-Dichloropropene

1,1-Dichloroethene

1,1-Dichloroethane
1,2-Dichloroethane
Trans—-1,2-Dichloroethene
Ethylbenzene
2-Hexanone

Methylene  chloride
4-Methyl-2-pentanone
Styrene
Tetrachloroethene
1,1,2.2-Tetrachloroethane
Toluene

Total Xylenes
1,1,1-Trichleroethane
1,1,2-Trichloroethane
Trichloroethene

Vinyl acetate

Vinyl Chloride
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Treat nent Performance Data

Treat ment perf or nance was noni t ored usi ng
subsoi | and sl udge sanpl es and ni xed | i quor
sanpl es. To assess conpl i ance wi t h cl eanup
goal s, subsoi|l and sl udge sanpl es were
collected from52 grid sanpling | ocationsin
Gl Eand 68 locationsin Cll F. During each
bi or emedi ati on progress neasur enent

sanpl i ng event, appr oxi mat el y 50%o0f t hese

| ocations were sanpl ed. S udge and subsoi |
sanpl es were taken fromthe | agoon bottom
usi ng a cor e sanpl i ng devi ce froma

wor kboat. An O/M Pl D net er was used to
neasure vol atil e organi ¢c concentrations al ong
the surface of the core. The sl udge sanpl e
was t aken fromt he sl udge | ayer at the poi nt
of highest volatile organi c concentrati on. The
subsoi | sanpl e was col | ect ed froma conpos-
ite of the subsoil fromthe upper 4-foot | ayer
of subsoil collectedineachcore. [9]

Tabl es 6 and 7 showt he aver age concent r a-
tions neasured in the subsoi | and sl udge
during the biorenedi ati ontreatnent of Gells
Eand F, respectively. The val ues shown on
these tabl es are for conposited sanpl es

col l ected during the treat nent process.

The five indi cat or conpounds showed r educ-
tions inconcentrations over the course of
treatnent. For exanpl e, benzene was re-
duced from608.0 ng/ kg to 4.4 ny/ kg in Cel |
E and from393.3 ng/kgto 5.2 ng/kg in
Gl F [13-20, 24-31]

M xed | i quor sanpl es were col l ected at two
locations ineachtreatnent cell, and anal yzed
for the paraneters listedin Table 8 to nonitor

Performance Data Assessnent

the treatment performance. Che sanpl e was
taken fromt he mddl e of the wal kway acr oss
the sheetpilewal | that separates the tw
treatnent cells and a second sanpl e was
taken at the niddl e of treatnent cel | using
the site workboat for access tothe |l ocation.
[9] The mxed |iquor contained about 5-10%
sol i ds during operation. [38]

An anbi ent ai r noni tori ng programwas

i npl enented to noni tor potential rel eases of
VOCs fromt he bi or enedi ati on process.

Anbi ent ai r noni toring was conpl et ed usi ng
autonati c i nstrunent ati on equi prent pl aced
at strategic poi nts around the operating

bi orenedi ation treatnent cell. Tabl e 9 shows
total MOCconcentrations, reported as naxi -
numor gani ¢ vapor anal yzer (OVA) readi ngs
at various | ocations around t he site boundary
by nmont h for January 1992 t hr ough August
1993. Total VQOC concentrations ranged from
0.3 to 1.6 ppm whi ch were | ower than the
action | evel of 11 ppmspecifiedinthe ROD

(9

Anbi ent ai r noni toring was al so conpl et ed
usi ng conti nuous sanpl i ng at poi nts bet ween
t he bi orenedi ation cel | and t he t hree near est
potential receptors. Sanpl es were anal yzed
daily to provide atine-integrated neasure-
nment of 35 VOCs and to provi de data, on a
veekly basis, tocalculatethe healthriskto
the nearest receptors. As reported by FLTG
thehealthriskresulting fromair enissi ons
was WthinUS BEPA approved heal th ri sk
criteria [9

The treatnent results, shownin Tabl es 6 and
7, indicate that the cl eanup criteriawere net
w thin 10 nont hs fromthe start of treat nent
for Cell E(Cctober 1992) and 11 nont hs for
Gl F (Novenber 1993). For indivi dual
constituents, cl eanup goal s were achi eved t he
soonest for vinyl chloride (4 nonthsinGll E
lmnthinCell F) andtotal P(Bs (4 nonths
inCGll E 1nonthinGell F); benzo(a)pyrene
required t he | ongest anount of treat nent
time to neet the cl eanup goal s.

Concentrati ons were reduced t o bel ow
detectionlinmtsinGll Eand 6.6 ng/kgin Gl |
Ffor vinyl chloride; 4. 4ny/kginCll Eand
5.2nmy/kgin CGll Ffor benzene; and 6.0 ny/
kginGll Eand6.8 my/kginCll Ffor
benzo(a)pyrene. Inaddition, the anbient air
noni t ori ng dat a show no exceedances of the
established criteriafor rel eases of M3Gs.
These data, in conbinationwth the operating
data, indicate that organic conpounds,

i ncl udi ng vinyl chloride, benzene, and
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B TREATMENT SYSTEM PERFORMANCE (CONT.) I

and Sl udge Results [13-20]

Perfornmance Data - Average Subsoil

E Treat nent

Table 6. Cell

Report ed.

Not

*Remedi ati on began in January 1992.
BDL - Below Detection Limt (value in parentheses is detection limt)

NR -
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B TREATMENT SYSTEM PERFORMVANCE (CONT.) I

and Sl udge Results [24-31]

Perfornmance Cata - Average Subsoil

F Treat nent

Table 7. Cell

*Renedi ati on began in January 1993.
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B TREATMENT SYSTEM PERFORMVANCE (CONT.) I

Per f ormance Data Assessnment (cont.)

benzo(a) pyrene were renoved fromt he

| agoon vi a bi odegradati on. Accordingto the
FLTG avail abl e data i ndi cat e t hat P(Bs were
bi odegraded i n t he sl urry- phase systemt o
concentrations bel owthe action | evel s

established for French Ltd. Also, accordingto
the FLTG arseni c and netal s wer e not bi ode-
graded; they were dispersedinthe final

resi due. [38]

Tabl e 9. Total VOC Readi ngs by Month [ 37]

Month

Total VOC* (ppm)

January 1992
February 1992
March 1992
April 1992
May 1992
June 1992

July 1992
August 1992
September 1992
October 1992
November 1992
December 1992
January 1993
February 1993
March 1993
April 1993
May 1993
June 1993

July 1993
August 1993

1
0.9
0.9
1.1
1.1
1.3

1
0.8
0.9
0.6
1.6
0.4
0.5
0.4
0.6
0.5
0.6
0.5
0.4
0.3

*Total VOC concentrations as maxi mum OVA readi ngs.

Performance Data Conpl et eness

The avai | abl e dat a characteri ze t he concentra-
tionof five contamnants inthe subsoil and

sl udge over the course of the biorenedi ation,
aswell asthree potential indicator param
eters (TPH %solids, and %vol atil e solids).

Data are not avail abl e t o nat ch t hese treat ed
concentrations wth concentrationsinthe
cells beforetreatnent. The first sanpl es
taken aft er mxi ng began were at Day 96 for
Gl Eand Day 38for Gl F
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B TREATMENT SYSTEM PERFORMANCE (CONT.) I

Performance Data Quality

Qual ity assurance/qual ity control (Q¥ Q) QY QCissues during the renedi ati on. EPA
procedures for sanpl i ng and anal yti cal took split sanpl es of confirnati on sanpl es
activitiesareoutlinedinthe second vol une of after the cl eanup obj ecti ves had been net .
the Renedial Action P an, entitled Quality According to nonthly progress reports, there
Assurance P an. Monthly progress reports wer e no di screpanci es bet ween t he sanpl es
prepar ed by t he FLTGi ncl ude di scussi ons of taken by FLTG and EPA

B TREATMENT SYSTEM cosT I

Procur ement Process [38, 39]

FLTGcontracted with ENSRto design the Al contracts were conpetitively bid. Con-

sl urry- phase bi orenedi ati on system and wth tracts were awar ded based on conmer ci al
Becht el Gorporationto construct the | agoon terns and qual i fications. Gontract types
remedi ati on system FLTGand ENSR sel ect ed i ncl uded | unp sum fixed unit price, and cost
several key equi pnent vendors by conpeti - rei nbur sabl e dependi ng on t he scal e of work
tive biddi ng, including Praxair, Dredgi ng and degree of definition.

Supply, ITTHygt, Sala, and S enens. FLTG
directly hired personnel and support staff to
operate and nai ntai n t he renedi ati on sys-

t ens.

Treat nent Syst em Cost

Accordingtothe FLTG thetotal cost of 11%f or after-treat ment activities. The
renedi ati ng the soil and sl udge i n the | agoon $26,900,000 incosts for activitiesdirectly
at French Ltd. was $49, 000, 000, i ncl udi ng associ ated with treat nent corresponds to
costs for technol ogy devel opnent, proj ect approxi mat el y $90/t on of sl udge and soi |
nanagenent, EPA oversi ght, and backfill of treated (for 300,000 tons treated).

t he | agoon. The $49, 000, 000 total cost was

broken down i nto ni ne proj ect el ements by Tabl e 10. Breakdown of Project Costs by the

the RPMand FLTG as shown i n Tabl e 10. RPM and FLTG [37, 39]
[37, 39 Project—Element Cost (%)
The FLTG al so provi ded a breakdown of the
cost s according tothe fornat for aninter- Development and Pilot—-Scale Work 12,200,000
agency Wr k Breakdown Structure (VBS), as
shown i n Tabl es 11, 12, and 13. The VBSi s Floodwall 2,300,000
bei ng used as a fornmat for standardizing ' ) )
reporting of costs across projects. No addi- Operation, Maintenance, Analytical 22,900,000
tional infornationonthe specificitens ‘
i ncl uded i n each cost el enent shown i n Jereierig 1B
Tabl es 11, 12, and 13 were provi ded by t he Fixation 400,000
FLTG [38] :

Technical Support 2,900,000
As shown in Tabl es 11, 12, and 13, approxi - Administrative 3.100.000

nat el y 55%o0f the project costs were for
activitiesdirectly associatedwthtreat nent, Demobilization 1,900,000

0 i L
34%were for before-treatnent activities, and BPA  Oversight 2 300000

Total 49,000,000
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B TREATVENT SYSTEM cosT (conT.)

Treat ment SystemCost (cont.)

Tabl e 11. Treatnent Activity Cost El enents Provided by FLTG According to the WBS [ 38]

Actual or

Cost  Elements Estimated

(Directly Associated With Treatment) Cost  (dollars) (4) or (E)
Solids Preparation and Handling 2,200,000 A
Liquid Preparation and Handling 2,800,000 A
Vapor/Gas Preparation and Handling 4,600,000 A
Pads/Foundation/Spill ~ Control 300,000 A
Mobilization/Set ~ Up 1,200,000 A
Startup/Testing /Permits 1,300,000 A
Training 900,000 A
Operation (short-term — up to 3 years) 13,600,000 A
TOTAL ~ TREATMENT  ACTIVITY — COST 26,900,000 A

Tabl e 12. Before-Treatment Cost El enents Provided by FLTG According to the VBS [ 38]

Actual or

Cost Estimated

Cost  FElements (dollars) (A) or (E)
Mobilization and Preparatory Work 1,100,000 A
Monitoring, Sampling, Testing, and Analysis 4,900,000 A
Site  Work 4,000,000 A
Surface Water Collection and Control 2,300,000 A
Groundwater Collection and Control 1,100,000 A
Air Pollution/Gas Collection and Control 1,800,000 A
Solids  Collection and Containment 600,000 A
Liquids/Sediments/Sludges  Collection and  Containment 800,000 A
gzﬁsv/glanks/Structures/MisceHaneous Demolition  and 200,000 A
TOTAL BEFORE-TREATMENT COST 16,800,000 A

Tabl e 13. After-Treatment Cost El ements Provi ded by FLTG According to the WBS [ 38]

Actual or

Cost Estimated

Cost  Elements (dollars) (A) or (E)
Decontamination and Decommissioning 1,300,000 A
Disposal (other than commercial) 400,000 A
Disposal  (commercial) 400,000 A
dSite  Restoration 2,300,000 A
Demobilization (other than treatment unit) 400,000 A
Other (topsoil and revegetation) 800,000 A
TOTAL AFTER-TREATMENT COST 5,600,000 A
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Cost Data Quality

The cost i nformati on present ed above repre-
sents actual costs for this application Qost
infornationwas avai | abl e for activitiesdirectly

PRP and Vendor | nput [38-40]

associated wthtreatment, and for el enents
associ ated wth before-treat nent and af t er -
treatnent activities.

Accordingtothe ALTG the costs for future,
sinlar applications are expectedto be simlar
tothose incurred for French Ltd., and depend
on site-specific chenical and physical condi -
tions. The key factors whi ch affect costs of

bi or enedi ati on syst ens are oxygen and
nutrient supply.

According to ENSR costs for a second
generation systemthat didnot require pil ot
st udi es or sheet pil e work woul d be about
40%l ess than those i ncurred at French Lt d.

According to Praxai r, the cost of oxygen at
futuresimlar siteswl| be affected by the
locationof thesite (local power rates af fect
oxygen production costs), the distance from
t he oxygen- produci ng pl ant (di stribution
costs), the rate of oxygen consunption (site

OBSERVATI ONS AND LESSONS LEARNED I

suppl y systemrequirenents), and t he dura-
tion of the oxygen use (anorti zati on of
installation/renoval costs).

The cost of the MxH o systemwi | | be af f ect ed
by the rat e of oxygen dissol ution (capital and
operating costs) and t he oxygen di ssol uti on
characteristics of theslurry.

As aresult of the applicationat the French

Ltd. site, Praxair, Inc. has devel oped a new
oxygen di ssol ution technol ogy—t+he In-Stu
xygenat or ™ Thi s syst emdi ssol ves oxygen
and suspends sol i ds usi ng approxi nat el y 25%
of the power required by MxH o or by air-
based aerati on systens whil e mai ntai ning t he
hi gh-oxygen utilization efficiency of the

M xH o t echnol ogy.

Cost (bservations and Lessons Lear ned

B Treatnent costs, includi ng project
nanagenent, pil ot studies, technol -
ogy devel oprent , EPA oversi ght, and
backfill of the | agoon, were approxi -
mat el y $49, 000, 000.

B Ffty-fivepercent of the costs
($26, 900, 000) were for activities
directly associ ated wth treat nent,
such as sol i ds preparation and
handl i ng, |iquid preparation and
handl i ng, vapor/gas preparati on and
handl i ng, pads/foundati ons/spill
control, nobilization/set up, startup/

testing/ permts, training, and opera-
tion (short-term- upto 3 years).

B The $26, 900,000 i n costs for acti vi -
ties directly associ ated wth treat nent
corresponds to approxi mat el y $90/
ton of sludge and soil treated (for
300, 000 tons treated).

B Excavationwas not required for
treatnent at French Ltd., and the
relativelylarge quantity of sl udge and
soil treatedat thissiteresutedin
econon es- of - scal e.

Per f ormance QObservati ons and Lessons Lear ned

B Perfornance dataindicated that the
cl eanup goal s for the five target
conpounds (benzo(a) pyrene, PCBs,
vinyl chloride, arsenic, and benzene)

were met within 10 nont hs for
treatnent of one cell and 11 nont hs
for theother cell.

S g,
. . U.S.ENVIRONMENTAL PROTECTION AGENCY

() Office of Solid Waste and Emergency Response
M & Technology Innovation Office

French Limted Superfund Site—Page 16 0Of 23  osmmmm

B TREATMENT SYSTEM cosT (conT.) I



RPF-046.PM5\1031-02.pm5

French Limted Superfund Site—Page 17 of 23  eosmmmmm

Il OBSERVATI ONS AND LESSONS LEARNED (CONT.) IS

Per f or mance Cbservations and Lessons Learned (cont.)

B perations data showthat vinyl B Ar enmissionlinits were not exceeded
chl ori de, benzene, and during this application.
benzo(a) pyrene wer e bi odegraded i n
this application. Goncentrations were
reduced to bel owdetectionlinmtsin
Gll Eand 6.6 ng/kgin CGll Ffor vinyl
chloride; 4.4my kginCll Eand5.2
ng/ kg in Cell Ffor benzene; and 6.0
ny/kginCell Eand 6.8 ng/ kg in Cel |
F for benzo(a) pyrene.

B The M xFl o systemnai nt ai ned a
di ssol ved oxygen | evel inthe slurry of
2.0ny/L, mxedtheslurry, and
m ni m zed ai r eni ssi ons.

O her (Observati ons and Lessons Lear ned

B Thetreatability study predicted conpounds were et withinthis tine
renoval of vol atil e organi c com peri od.
pounds and pol ynucl ear aromatic
hydr ocar bons duri ng sl udge and soi |
mxi ng, and extended aeration w thin
275 proj ect days. Ful |l -scal e treat nent
perfornance data i ndi cated t hat the
cl eanup goal s for the i ndi cat or
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B ~APPENDI X A - TREATABI LI TY SsTupy REsULTS

Identifying  Information

French Limited Superfund Site CERCLIS#: TXD980514814

Crosby, Texas ROD Date: 24 March 1988

Historical Activity at Site — SIC Codes: 4933 (Waste Management-refuse systems; sand and gravel
pit  disposal)

Historical Activity at Site — Management Practices: Disposal  Pit

Site  Contaminants: Polynuclear aromatic hydrocarbons: halogenated

semivolatiles; non-halogenated volatiles; metals; and
nonmetallic elements

Type of Action: Remedial
Did the ROD/Action Memorandum include a contingency on
treatability study results? No

Treatability Study [nformation

Type of Treatability Study: Pilot

Duration of Treatabilily Study: April 1987 to April 1988

Media Treated: Soil and Sludge (in situ)

Quantity Treated: 0.5-acre cell

Treatment Technology: Slurry-Phase Bioremediation

Target Contaminants of Concern: Volatile Organic Compounds (VOCs) and Semivolatile
Organmic  Compounds  (SVOCs)

Conducted before the ROD was signed: Yes

Additional treatability studies conducted: Yes (laboratory/bench-scale and tank-scale studies of
bioremediation also conducted)

Technology selected for full-scale application: Yes

Treatability Study Strategy

Key Operating Parameters Varied: Different aerators and mixers were used

Treatability Study Results

Range of Individual VOC Concentrations in Untreated Soil Up to 3500 mg/kg
and Sludge Matrix:

Range of Individual SVOC Concentrations in Untreated Up to 6,000 mg/kg
Soil and Sludge Matrix:

Range of Treated VOC Concentrations in Soil and Sludge  Less than 100 mg/kg
Matrix:

Range of Treated SVOC Concentrations in Soil and Sludge Less than 100 mg/kg
Matrix:

Site  Logistics/Contact Information:

French Ltd. Task Group Mr. RL (Dick) Sloan
Project  Coordinator
FLTG,  Incorporated
15010 FM 2100, Suite 200
Croshy, Texas 77532
(713) 328-3541
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B APPENDI X A - TREATABI LI TY STUDY RESULTS (conT.) I
| DENTI FYI NG | NFORMATI ON

Type of Treatability Sudy: Filot-scal eslurry- benzo( a) pyrene, benzene, vinyl chloride,
phase bi orenedi ati on st udy of sl udge and arseni ¢, and ot her VOCs and SV(Cs.
subsoi | cont am nat ed w t h PCBs,

TREATABI LI TY STUDY STRATEGY [ 8]

Treatability Study Purpose: The purpose of B Howtocontrol air enissions during
thepilot-scal etreatability study was t o assess renedi ati on;
the feasi bility of bi orenedi ati on of the con-
tamnated | agoon at the site, and to deter-
nmne the fol | ow ng:

B Howto nechanically mx the mcro-
organi sng, oxygen, nutrients, and
mxed | i quor to obtai nsatisfactory

B Wet her indi genous ni croor gani sns reactionrates; and
coul d be stinul ated to destroy the
organi c wast e nateri al s and cl ean up
contam nat ed soi | in areasonabl e d eanup Goal s/ St andar ds: O eanup goal s
amount of tine; vere not identifiedfor the French Ltd. site at

thetine of thepilot-scal etreatability study.

B Howl ong the cl eanup woul d t ake.

TREATMENT SYSTEM DESCRI PTI ON [ 8]

Treat nent SystemDescri ption and Oper a- B Nutrient additionto growthe bi om
tion: BEarlier tests were perforned froml ate ass; and

1986 to early 1987 usi ng two 20, 000-gal | on
reactors to deternine if mcroorgani sns

coul d be stiml ated to degrade site contan -

nants i n a reasonabl e anount of tine. The sl udge and soi | were sheared so that the
cont am nant s woul d be brought into contact
w th the nicrobes. Asw nging-1adder dredge
was used to shear the soil and open-faced
centrifugal punps were used for thetarry

sl udge. Qver the course of the pilot test,

nmany di fferent aerators, nixers, and dredges
The st udy i ncl uded t he fol | ow ng operati on: were tested. [§]

B Shearing of sludges and cont ani nat ed
«l.

Subsequent |y, a pilot-scal e test was operat ed
on aone-hal f acre cell onthe west end of the
| agoon bet ween April 1987 t hr ough Apri |

1988. The equi prrent i ncl uded anbi ent ai r
control, sparged ai r aeration, and nixers.

B Aecrationof the mixedliquor; Procurement Process/ Treatability Study
(ost: Thecost of thepilot-scaletreatability
test was $5 nillion.

TREATABI LI TY STUDY RESULTS [ 8]

Operating Paraneters and Perfornmance pounds (SVO3s), as shownin Figure A1,
Data: Theinitial reactor tests showed that the  duringthe course of the study.

nat i ve m croor gani sns coul d be successful |y

stimul ated to netabol i ze t he or gani ¢ vast e Per f or mance Dat a Assessnent: The results
materialsin areasonabl e amount of tine. inHgure A1showa reductionin concentra-
tion of 9 VOCs and 9 SVOCs to concentra-
The results of the pilot test showed a reduc- tions of |ess than 100 ny kg for i ndi vi dual
tioninconcentrationof volatile organic VQCs and SVOCs, and that biorenmediationis

conpounds (VOCs) and sem -vol atil e com
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B APPENDI X A: TREATABI LI TY STUDY RESULTS (conT.) I

Reduction in volatil e organic concentrations i n mai n waste
| agoon usi ng bi orenedi ati on

Volatiles
3500
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3000
I 11pCcE
M 112 DCE
g 2500
o [J12DCE
2
)]
2 2000 M 12 pCcP
2 O Tce
=
S 1500 M Benzene
(&)
< M Toulene
o
o
1000 M Ethylbenzene
500
0
0 50 75 110 125 130 155 175 200 225 250
DAY

Reductions i n semvol atil e organi c conpound concentrati ons
i n mai n wast e | agoon usi ng bi orenedi ati on

Polyaromatic Hydrocarbons & Phenol

Il Naphth.

I Acenaphthy.

I Acenaphth.

] Fluorene.

H Phenanth.

] Anthracene.

B Fluoranth.

W Pyrene

Concentrations (ppm)

H Phenol

0 40 75 105 125 130 155 175 200 225 250

DAY
Figure A-1. Reductions in VOC and SVOC Concentrations During Pilot Test [8]
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B APPENDI X A- TREATABI LI TY STUDY RESULTS ( CONT.)
TREATABI LI TY STUDY RESULTS (cont.) [8]

RPF-046.PM5\1031-02.pm5

a feasibl e technol ogy for renedi ati on of the
soi | and sl udge i n the | agoon. The data

i ndicate that renoval of these contaninants
occurred w thin 275 days of soil and sl udge
m xi ng and dredgi ng, and ext ended aer at i on.

Athough nodata are avail able at this ting,
theresults of thepilot test wereusedin

sel ecting speci fic equi pnent and i n opti n z-
ing operational nethods for thefull-scal e
renedi ation, including control of air ems-

si ons and per f or mi ng nechani cal m xi ng.
The sheari ng equi prrent chosen al | owed
two different inpl enents to be attached,
one for shearing sl udge and t he ot her for
shearing soil .

OBSERVATI ONS AND LESSONS LEARNED

B Theinitial reactor tests showed t hat
the nati ve m croorgani sns coul d be
successful |y stiml ated to netabol i ze
organi c waste naterial s inareason-
abl e amount of tine.

B Thetreatability study showed
reductions inthe concentrations of
9 VOCs and 9 SVOCs fromsoi |l and
sl udge i n the | agoon t o concent r a-
tions | ess than 100 ng/ kg f or
i ndi vi dual contaminants. These
resul ts were achi eved w t hi n 275
days of sl udge and soil mixi ng and
ext ended aer at i on.
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Noti ce

Preparation of this report has been funded whol |y or inpart by the US Environnental Protec-
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